Computer Tomography (CT) is a combined device that merges the anatomical and functional information of a patient used most commonly in cancer diagnosis and staging. This device is said to improve co-registration of both the anatomical and functional information. However, in real clinical practices, voluntary and involuntary patient motions are inevitable during scanning resulting in registration errors. In our study, feature based registration algorithm is to be used to solve such problem focusing on the thoracic region. Thus, segmentation method is chosen as a preliminary step to segment significant anatomical regions such as the lungs. Lungs segmentation in CT image is implemented based on optimal thresholding, region growing, connected component labeling as well as morphological operations. Satisfactory lung boundary segmentation results are obtained through visual inspection for our current dataset; that are deemed agreeable to devise a solution for PET-CT thoracic misregistration.
I. INTRODUCTION
PET and SPECT are functional imaging devices that are used to determine any kind of abnormalities due to mild or chronic diseases. PET and SPECT images provide the distribution of radiotracer to evaluate regional and absolute blood flow, metabolism, protein synthesis, gene expression and others. On the other hand, CT imaging offers anatomical study of a human body. On the other hand, PET imaging that is used for whole body cancer diagnosis suffers from low spatial resolution, noisy and blur images making the localization of regions with increased radiotracer uptakes that represent metastatic cancers is less accurate. As the CT images could provide anatomical details including the size and shape of the lesions but not the lesions' malignancy, the complementary integration of both images will result in high localization accuracy.
A proper integration and interpretation of the physiological PET and anatomical CT images acquired from separate PET and CT modalities demands an accurate spatial registration technique. Misregistration between PET and CT images is a common problem in PET/CT fusion due to patient motion and physiological motions such as cardiac and respiratory motion. To tackle such a problem, three solutions are identified namely visual registration, computer based registration and hardware based registration (Townsend et al., 2004) . Visual fusion is done through mental mapping where the physician compares the anatomical landmark/organ of interest in both types of images side by side and visually performs the registration. This process is too time consuming and results in high inter-observer variability. Alternatively, computer based registration via complex mathematical equation is used to compensate the nonlinear deformation of main organs between the PET and CT images. Third, hardware based hybrid PET-CT scanner that was introduced in 2001 is said to intrinsically solve the registration problem. A patient can undergoes a single scanning session to acquire both PET and CT images without having to move to another table.
Unfortunately, combined PET-CT device does not totally alleviate the problem of misregistration especially in the regions of thorax and abdominal due to physiological respiratory and cardiac motion. Reference [2] has found that there is a maximum displacement of 8.29 cm in the diaphragm between PET and CT scans imaged acquired at maximum inspiration. Several studies proved that the presence of artifacts in images acquired with combined PET-CT machines in the lungs and liver, mostly due to respiration; [3] , [4] . To solve physiological motion in combined PET-CT, post processing software based registration techniques can be used to cope with physiological induced deformations between images acquired in hybrid system [5] . Furthermore, the misregistration in the thoracic region poses a great challenge due to numerous physiological motions such as respiratory and cardiac motions.
Image registration or matching is based on the spatial and temporal alignment of the different volumetric data sets involved in the combination. The aim of a registration process is to define the transformation that maps voxels from the reference image volume to the floating image volume. The quality of the spatial alignment is evaluated by using a similarity metric that gives information about the goodness of the matching. Registration algorithms could be divided into 2 categories; feature based and intensity/voxel based registrations. In feature based registration, region features are identified using segmentation methods. accuracy is an important criterion to ensure the overall registration accuracy.
The basis of this paper is to highlight the lungs segmentation in CT image as a pre-processing step before the implementation of feature based registration between PET/CT images taken from hybrid PET/CT scanner on the thoracic region. Besides for this purpose, CT lung segmentation is also commonly carried out in the development of "computer assisted detection" (CAD) technique to detect nodules [6] . To date existing techniques for CT lung segmentation are thresholding method [7] , wavelet based and threshold [8] , wavelet [9] , region growing [10] ; active contour [11] , watershed [12] , graph cuts [13] , knowledge based [14] and graph based clustering [15] .
II. METHODS

A. Data
The PET/CT image is acquired from a dual-modality PET/CT device (Biograph 6, Siemens Medical Solutions Inc). The full body PET/CT scan used in this study contains 324 slices covering the head to the pelvis. The image slice properties are shown in Table 1 . The CT images is normalized to [0,255] of the HU values. 
B. CT Lung Segmentation
The first step in the segmentation method is the body contour segmentation. Each CT image is thresholded based on global iterative thresholding technique [7] slice by slice to find an optimal threshold value so that two groups can be classified as:
 Body voxels -chest wall, bone and blood (foreground)  Non-body voxels -lung tissue, air inside the lung and the surrounding air of the body (background)
The image histogram is initially divided into two parts using a starting threshold value which is half the maximum of the dynamic range. Then the sample mean of the gray values associated with the foreground pixels and the sample mean of the background pixels are computed and a new threshold value is determined as the average of these two sample means. The process is repeated until the threshold value does not change anymore.
Thresholding results in body contour appearance plus the patient bed. To remove the bed, 3D connected region is implemented. The region with the highest volume is taken as body volume. Next, to remove the head, the shoulder is detected by detecting the first slice with a single hole. This region represents the trachea. The head is removed by discarding the upper slices prior to this slice.
To determine the base of the lungs, the images are inverted and the structures connected to the image border are suppressed. Then through region filling and closing operations, gross lung estimation with the biggest volume at this stage is obtained based on 3D connected labelling. After this, the base of the lungs can be determined and the slices are cropped till the lungs base. This region is shown in Fig. 1 . C. Trachea Elimination A common problem with gray level thresholding method is the inclusion of the trachea. Thus, the trachea needs to be eliminated so that this structure does not contribute to the segmented lung regions. Therefore two methods are tested and a new improved method is devised.
Method 1: 3D Region Growing [16] , [17] .
Fundamentally, the extraction of the trachea and bronchus region is implemented by an initial segmentation of the airway of a human chest. By using the optimal threshold value for airway segmentation, the trachea region can be detected from the first slice that normally contains a single elliptical shaped region. In 3D region growing, basically a repetition of 3D region growing procedure is implemented with an increasing threshold value T and the process stops when a leak condition is met. The leak is defined as the time when the segmented region has intrudes the lung region; whereby at this stage the threshold value (T explode ) is high enough that the region breaks into the bronchiole wall and explodes into the lung parenchyma [17] . Therefore the ideal threshold value to segment the trachea and bronchus is regarded as the threshold just before the explosion happens; as in (1) . (1) To start the 3D region growing process, the seed point is selected that is the center of the trachea in the first slice. The starting threshold value is the intensity value of the seed and it is iteratively increased by 1 unit intensity level. A leak is detected when the following constraint (2) is fulfilled as used in [18] .
and (2) is the difference between the number of voxels of the current segmented region and the number of voxels in the previous segmented region. A leak happens when the volume changes more than 15%.
Method 2: 2D Region Growing as a pre-stage before a leak [19] , [20] .
Basically, in 2D region growing technique [19] , [20] , the region growing is applied to the subsequent slices using the seed points detected in the previous slice and it is progressively done starting from the initial trachea slice. In this work, as the trachea bifurcates to the main left and right bronchi, two seeds are selected from the previous detected region to furnish the segmentation in the next slice. This is clearly shown in Fig. 2 . In our case, the seed points are a subset of the local minima points of the region with the most left located and the most right located seeds were then selected as seed candidates. The seeds selection will guarantee that the segmentation of the trachea at least up to the larger branches. A leak is detected when the segmented region is more than the double the area of the previous slice [6] where the oversegmentation has occurred through the bronchiole wall (smaller bronchi) into the lungs. The 'leaked' region is corrected by following the method designed by [20] . In [20] , the leak is excluded by finding the center of mass and the maximum radius of the segmented region in the previous slice. To constraint the segmentation of the current (leaked) slice, a compactness measure is calculated from the center of mass and the maximum radius data by reducing the radius and recalculating the center of mass until a specified compactness has been reached. This is to restrict the segmentation of the current slice. The compactness was calculated as in (3) . (3) where is the compactness, is the area and is the perimeter of the previous slice. equals to 1 is equivalent to a circle. In this work, C is preset as more than 0.8. When the trachea bifurcates, each of the main bronchi is followed and when the main bronchi bifurcate then the procedure is stopped. The obtained trachea and main bronchi are then eliminated from the lung volume by masking the original grayscale CT image with the binarized trachea/bronchi region.
Proposed Method:
The implemented 3D region growing has shown that the segmented trachea suffers of undersegmentation. This problem is shown in Fig. 3 . Although it seems that this technique is simple and robust, in the context of low-contrast CT images, this method may fail to produce an accurate segmentation and normally experiences over or under-segmentation [21] . To counter this result, a combination of 3D and 2D region growing technique is implemented with the ultimate objective is to segment the trachea up to the larger branches so that this segment could be ridded in order to obtain a full lung segmentation in CT image. While there is no such problem in 2D region growing, as the procedure is stopped after a leak is encountered and then, the segmentation is rectified, there is a tendency that parts of the bronchus in the following slices will be failed to be segmented. For instance, in our case, as a leak has been encountered in Slice 45, the procedure is stopped. Unfortunately, the bronchus in slice 46 is left without a proper segmentation. Fig. 4 shows the said situation (left) together with the segmented trachea using 2D region growing (right). Therefore, a combination of both 3D and 2D region growing techniques would definitely counterbalance each other. However a different approach of 3D region growing is implemented in this paper as compared to what has been done in [16] , [17] . Rather than segmenting the grayscale CT image, the 3D segmentation is done on the binary airway region. According to [22] , from the analysis of the CT dataset in the thorax, the voxels can be grouped into three intensity levels; which are definitely airway region, uncertain region and no airway region. The voxels in the uncertain region are probably belonging to the airway.
In our case, to perform 3D region growing, the masked grayscale airway (including the trachea) is dilated within a small radius and is then segmented into three regions by using 3D Otsu multi-thresholding. Taking the definitely airway region only, a 3D region growing is done using the identified seed which is the centroid of the single circled region in the first slice. This approach is direct and simple and does not require a repetition of 3D region growing as it guarantees that only the definite airway is segmented and no leak condition will be encountered whatsoever. Thus the segmented region after this approach will become the basis of a refinement step 2012 
with a 2D region growing technique to solve the undersegmentation problem faced by 3D region growing segmentation results.
Next, the centroid of the previously segmented region in each slice is calculated and a slice by slice 2D region growing is implemented based on [19] , [20] . Using a similar leak compensation strategy, a leak to the lung parenchyma is detected and corrected using the compactness criteria of the slice coming before the 'leaked' slice. The proposed method flowchart is depicted in Fig. 5 . The initial segmentation of 3D region growing based on Otsu multi-tresholding is compared with 3D region growing technique as in Method 1 and the segmented trachea using both are shown in Fig. 6 . To refine the lung appearance, morphological hole filling, opening and closing are implemented to remove small noises and pulmonary vessels. Finally the two largest components that represent the left and right lungs are chosen. After the trachea and bronchi are properly segmented, they are removed from the original segmented image to obtain the lungs and other structures. By using morphological filling and closing processes with a disk of radius 3-4 cm, the lungs border can be found. Finally, the 2 largest regions representing the left and the right lungs are defined.
III. RESULTS AND DISCUSSION
The following figures show the segmented region of several slices after discarding the trachea using the proposed method. Fig. 7 shows some of the slices before morphological operations for lung border smoothing. Although through visual assessment, the lungs are positively segmented, there is another process that needs to be done that is the development of a separation algorithm to separate the left and right lungs in cases where the left and right lungs are seemed to be adjoined. But this situation is not seen in our dataset at the moment. Our second concern is the larger tumours close to the pleura which are not segmented together with the lungs as a larger structuring element needs to be used just to include the larger tumours which then may affects the entire lung border during the smoothing process. A decision should be done whether to include the large tumour or not for our thoracic PET/CT registration purpose.
Furthermore, a refinement step may be integrated by using deformable based modelling.
Third, this paper lacks the validation method to determine the segmentation accuracy. Two segmentation metrics could be used through the means of the size and shape metrics [8] that compare the computer generated segmentation with manual lung outlines produced by the expert. We aim to implement this in the future.
IV. CONCLUSION
The lung segmentation in CT image as shown in this paper is fully automatic that deals with low complexity of image processing techniques. The experimental results in CT lung segmentation that are measured through visual study have shown that the segmented lungs are sufficient for PET/CT registration technique to compensate for unavoidable motions during scanning. Quantitative evaluation and validation will be implemented in the future through expert judgement and statistical measures. By integrating with a whole intensity based registration would remunerates any segmentation errors in CT or PET images. The next possible move is to use CT lungs to be defined as ROI for PET lung segmentation.
